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S

Aims: Secreted Wnt ligands are key proteins regulating cell–cell interactions and cell growth and differentiation. These proteins, along with other components of the Wnt signalling pathway, are involved
in the malignant transformation of various human cancers, including malignant melanoma. This study
defines the expression of several members of the Wnt ligand family and correlates their expression with
histological characteristics.
Methods: The expression of Wnt2, Wnt5a, Wnt5b, Wnt7b, and Wnt10b was defined by in situ, antisense RNA hybridisation of paraffin wax embedded sections of benign naevi and malignant
melanoma. Immunoperoxidase based antibody staining was used to define the expression of frizzled
(Fz) receptors.
Results: All naevi tested strongly expressed Wnt2, Wnt5a, Wnt7b, and Wnt10b. Melanomas characterised by small, uniform cells expressed each of the Wnts in a pattern similar to that seen for benign
naevi. In contrast, melanomas characterised by large, pleomorphic cells expressed Wnt10b but did not
express Wnt2 and had low levels of expression of Wnt5a. Expression of Wnt7b was variable in these
melanomas. Fz receptor expression was present at a low level in normal epithelium and all naevi and
melanomas.
Conclusions: The expression pattern of Wnt ligands in malignant melanoma correlates with
histopathological features and may provide a basis for the molecular classification of this disease.

ignalling through the Wnt pathway begins with Wnt ligands, secreted molecules that signal through cell surface
Frizzled (Fz) transmembrane receptors to initiate the
signalling cascade.1 Members of the Disheveled family are
activated upon ligand binding to Fz,2 causing inhibition of
glycogen synthase kinase-3β and ultimately blocking the degradation of β catenin by APC (adenomatous polyposis coli)
and axin. Stabilised β catenin accumulates and binds to
members of the lymphoid enhancer factor/T cell factor
(LEF/TCF) family of DNA binding proteins,3 leading to the
transcriptional activation of growth promoting genes such as
myc,4 cyclooxygenase 2,5 matrilysin/matrix metalloproteinase
7,6 7 and cyclin D1.8 9 A role for Wnt signalling in cancer was
suggested by the discovery that the ectopic expression of
mouse Wnt1 (int1) results in the formation of mammary
tumours in mice.10 Recognition that the APC tumour suppressor gene product functions as a component of the Wnt pathway further implicated Wnt signalling in cancer, particularly
colon cancer.11 APC mutations (or mutations in β catenin or
axin) are found in up to 85% of sporadic forms of colon
cancer.12 13
There are several studies that suggest a crucial role for Wnt
signalling in melanoma tumorigenesis. Rubenfeld and
colleagues14 have shown that β catenin expression is increased
in melanoma cell lines and, although mutations in β catenin
are rare in primary melanomas, nuclear localisation, an
indicator of Wnt pathway activation, is frequently
observed.15 16 β Catenin is also essential for skin stem cell differentiation into follicular keratinocytes.17 Secreted Wnt1
plays a role in the differentiation of neural crest cells into
melanocytes during mouse development,18 and embryos deficient in Wnt1 and Wnt3a are characterised by a deficiency in
neural crest melanocytes.19 In cultured melanocytes, exogenous Wnt3a also upregulates the expression of endogenous
melanocyte specific Mitf (microphthalmia associated tran-
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scription factor), which plays a crucial role in the development
of neural crest derived melanocytes.20 The promoter region of
the zebrafish Mitf homolog, nacre, contains LEF/TCF binding
sites and is regulated directly by Wnt signalling.21 Other members of the Wnt signalling pathway have also been implicated
in human melanoma. Increased LEF1 expression is seen in
highly migrating melanoma cells with increased metastatic
potential,22 and LEFs/TCFs have been shown to regulate
lineage differentiation of multipotent stem cells in the skin.23
“There are several studies that suggest a crucial role for
Wnt signalling in melanoma tumorigenesis”
Wnt5a appears to be especially important in melanoma.
Gene array expression profiling has identified Wnt5a as a gene
that defines, on a molecular basis, a specific cluster of
melanomas,24 and a fivefold increase in Wnt5a expression is
seen in up to 50% of primary malignant melanomas.25
However, the precise role of Wnt5a is unclear because it
appears to regulate growth in C57MG mammary epithelial
cells in a manner counter to Wnt1; loss of Wnt5a activity via
antisense transfection is transforming in this system.26 In
addition, Wnt5a does not stimulate growth of the dermal
papilla, contrary to the activity of Wnt3a and Wnt7a.27
However, other investigators28 have suggested that Wnt5a
expression correlates with melanoma invasion and that transfection of Wnt5a cDNA into non-invasive melanoma cells
results in increased invasive potential.
.............................................................
Abbreviations: APC, adenomatous polyposis coli; DMEM, Dulbecco’s
modified Eagle’s medium; FBS, fetal bovine serum; Fz, Frizzled receptor;
LEF1, lymphoid effector factor 1; Mitf, microphthalmia associated
transcription factor; TCF, T cell factor
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Intensity of staining: −, negative; +, weakly positive; ++, strongly positive; +/−, variable expression pattern
(some of the specimens tested were positive, either strongly or weakly, whereas others were negative).

In our study, we have used antisense in situ hybridisation to
define the expression pattern of several members of the Wnt
ligand family in benign naevi and melanomas of different histologies. We have also examined the expression of Fz1/2
receptors in these tissues by immunohistochemistry. Our
findings suggest that the pattern of Wnt expression correlates
with histopathological features. Wnt expression profiling may
be useful in the molecular subclassification of human
malignant melanoma.

MATERIALS AND METHODS
Tissue acquisition
Archived, paraffin wax embedded, pathological specimens
were obtained under an IRB approved protocol (UCI98–20),
following oral and written informed consent. Patients were
identified through the Chao Family Comprehensive Cancer
Center and the department of dermatology as individuals with
recent surgical resection of various types of benign naevi or
malignant melanoma. Thirty five patients for whom tissue
blocks were available were enrolled in our study. Several types
of benign naevi were examined including junctional naevi,
compound naevi, intradermal naevi, and blue naevi. Most of
the malignant melanoma samples were superficial spreading
melanomas, with a smaller number of nodular/polypoid and
pagetoid lesions. No acral lentiginous melanomas were evalu-

ated. The level of invasion of the melanomas ranged from level
II to level IV, with depth of invasion ranging from 0.33 mm to
2.5 mm.
Cell lines
Human cell lines were obtained from the American Type Culture Collection (Manassas, Virginia, USA) and were used as
controls for in situ hybridisation and immunohistochemistry.
They included: Jurkat, an acute T cell leukaemia cell line
maintained in culture in RPMI 1640 medium with 10% fetal
bovine serum (FBS); A375, derived from a human melanoma
and maintained in Dulbecco’s modified Eagle’s medium
(DMEM) with 4 mM L-glutamine and 10% FBS; C8161, a
highly invasive malignant melanoma cell line maintained in
DMEM and 10% FBS29; and 832C, a malignant melanoma cell
line maintained in DMEM and 10% FBS. For in situ hybridisation and antibody staining controls, cells were pelleted by
centrifugation, embedded in paraffin wax, sectioned, and prepared in a similar manner to the tissue samples described
below.
In situ hybridisation
Slides were dewaxed with sequential xylene/alcohol/distilled
H2O washes and hybridised with single stranded antisense
RNA probes generated from cDNAs using T7 and T3 RNA
polymerase promoters in the respective vectors. Probes were

Figure 1 In situ hybridisation demonstrating expression of Wnt ligands in benign naevi. (A) Haematoxylin and eosin staining; original
magnification, ×400. (B–F) In situ hybridisation with antisense RNA probes for (B) Wnt2, (C) Wnt5a, (D) Wnt5b, (E) Wnt7b, and (F) Wnt10b
on representative samples; original magnification, ×400. Dark purple staining indicates positive hybridisation by probe with specific mRNA.
(D) Minimal staining with the Wnt5b probe is seen in this naevus. Brown colouration represents melanin and can be seen clearly in (A) and (D).
The strong signal from the antisense RNA probe hybridisation in (B), (C), (E), and (F) obscures the melanin pigment.
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Table 1 Expression of Wnt ligands and Frizzled (Fz) 1/2 receptors in naevi and
malignant melanoma
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labelled with digoxigenin, hydrolysed, and hybridised to tissue
sections in a moisture controlled environment at 37°C for 72
hours, under conditions optimised for each probe. Positive
hybridisation was detected using antidigoxigenin conjugated
to alkaline phosphatase to allow visualisation with an alkaline
phosphatase substrate. All slides were counterstained lightly
for five seconds with a fast red reagent to permit visualisation
of tissue architecture. Probes for Wnts represented nonhomologous coding sequences or 3′ untranslated sequences.
Probes were prepared fresh and each batch was subjected to
a full battery of positive and negative control testing. This bat-

www.molpath.com

tery of positive and negative controls allowed for extensive
quality control as follows: (1) each batch of probe was tested
initially against control (+) and (−) cell lines, previously
defined by northern blot analysis, to ensure adequacy of probe
preparation; (2) each analysis of patient tissue included slides
stained with antidigoxigenin and alkaline phosphatase
reagents to ensure that background staining was minimal;
and (3) each analysis of patient tissue included hybridisation
with a sense RNA probe to ensure that non-specific hybridisation was minimal. All antisense Wnt probes were specific for
an individual Wnt ligand based on testing of paraffin wax
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Figure 2 In situ hybridisation
demonstrating expression of Wnt2,
Wnt5a, and Wnt10b in melanomas
of varying histologies; original
magnification, ×400. Haematoxylin
and eosin staining of (A) small cell
melanoma and (B) large pleomorphic
cell melanoma. (A) The white arrows
identify melanoma cells. (B)
Melanoma cells make up most of the
photomicrograph and are readily
apparent. Wnt2 in situ hybridisation
of (C) small cell melanoma and (D)
large pleomorphic cell melanoma.
The dark purple staining indicates
positive hybridisation. (C) The white
arrows identify positive staining in
small cell melanoma. No staining is
apparent in the large cell melanoma.
Wnt5a in situ hybridisation of (E)
small cell melanoma and (F) large
pleomorphic cell melanoma. (E) The
white arrows identify positive staining
in small cell melanoma. (F) The insert
depicts strong Wnt5a expression in a
hair follicle on the same slide from
which the large cell melanoma image
is derived. The strong staining in the
hair follicle contrasts with the very
weak staining in the large melanoma
cells. Wnt10b in situ hybridisation of
(G) small cell melanoma and (H)
large pleomorphic cell melanoma.
Both histological subtypes display
substantial staining with the antisense
probe (identified by white arrows in
each panel).

Wnt and Frizzled expression in melanoma

283

embedded control cell lines for which the pattern of Wnt
expression had been defined by northern blotting. Any probes
that initially exhibited overlapping specificities were redesigned before use in our study.
Direct visualisation with an Olympus B50 microscope
system with Nomarski optics and digital capture technology
was used to define expression. Photographs of tissue and cell
line sections were obtained within 48 hours of completion of
the hybridisation to minimise slide artifacts that can appear
over time. Each tissue specimen was scored as either negative,
weakly positive, or strongly positive by at least two separate
individuals. One observer was always blinded to information
about the specific histological diagnosis and the specific probe
used. If a consensus was not achieved, opinion regarding the
presence and strength of staining was solicited from a third
individual who was similarly blinded. Probes used for in situ
hybridisation included Wnt2, Wnt5a, Wnt5b, Wnt7b, and
Wnt10b obtained from Genome Systems. The genes and the
accession and identification numbers from the Image consortium are listed: Wnt2, AA970688, 1579015; Wnt5a, W49672,
324901; Wnt5b, A1201930, 1859198; Wnt7b, AA991310,
1608881; and Wnt10b, AI144467, 1708905. Because several of
the Wnt genes share significant homology, each probe
represented sequences from either the 5′ or 3′ untranslated
region and confirmation of unique, minimally homologous
sequences was achieved with BLAST analysis.
Antibody staining
Paraffin wax embedded samples of normal skin, naevi, and
melanoma were obtained as described above. Polyclonal goat
antihuman Fz1/2 antibodies, which react with both human
Fz1 and Fz2 cell surface receptors, were obtained from Santa
Cruz Biotechnology (Santa Cruz, California, USA). Samples
were dewaxed with xylene/ethanol and incubated with
primary antibody (2 µg/ml) for 30 minutes at 25°C. This was
followed by incubation with biotinylated donkey antigoat secondary antibody (1 µg/ml) for 30 minutes. Sections were then
incubated with avidin–horseradish peroxidase for another 30
minutes. Next, two drops of AEC substrate (Sigma Corporation, St Louis, Missouri, USA) reagent were applied to each
section and incubated for approximately 10 minutes. This

methodology was used rather than standard diaminobenzidine as chromogen to distinguish positively staining cells from
melanin pigment present within many of the melanoma sections. Donkey serum was used as a blocking agent to reduce
background staining.

RESULTS
Wnt expression in naevi and melanoma
All benign naevi strongly expressed Wnt2, Wnt5a, Wnt 7b,
and Wnt10b (table 1; fig 1). The expression of Wnt5b was
strongly positive in some naevi, weakly positive in others, and
negative in a small number. The expression of Wnt5b was
termed variable (table 1). Like benign naevi, melanomas characterised by small, uniform cells expressed each of the Wnt
ligands tested (fig 2). Melanomas characterised by larger,
pleomorphic cells expressed Wnt10b and did not express
Wnt2. Wnt5a expression was detected in large cell melanomas
but the level of expression was substantially less than that
seen in the small cell melanomas. Wnt7b expression was
variable—it was present in some large cell melanomas tested
but absent in others (table 1). Wnt5b expression was variable
in all specimens, including the benign naevi (as noted above),
small cell melanomas, and large cell melanomas. Normal epithelium (n = 12) strongly expressed each of the Wnt ligands
tested, as did hair follicles and sebaceous glands contained
within several specimens (fig 2, insert). Melanomas of different Clark’s classifications were distributed approximately
evenly between the small cell and large cell groups. The
pattern of Wnt ligand expression did not correlate with a particular Clark’s classification or with the depth of invasion.
Fz expression in naevi and melanoma
Low levels of expression of Fz1/2 receptors were seen in
normal epithelium, benign naevi, and all types of malignant
melanoma (fig 3). The level of expression in large cell melanomas appeared to be the lowest of all the melanomas tested,
although definitive quantitation at this overall low level of
staining was difficult. In contrast to the normal epithelium,
naevi, and melanomas, very strong expression of Fz1/2 receptors was seen in hair follicles and sebaceous glands (fig 3D).
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Figure 3 Frizzled receptor
expression by immunoperoxidase
staining with anti-Fz1/2 antibody in
(A) benign naevi, (B) small cell
melanoma, and (C) large
pleomorphic cell melanoma. (D)
Strong expression of the Fz receptor
in a hair follicle. Positive expression is
indicated by the pink coloured
staining and is shown by white
arrows in each panel. Black arrows
indicate melanin pigment. Original
magnification, ×400.
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DISCUSSION

“Our data regarding the expression of
suggest that benign naevi and small cell
share a common genetic derivation, and
molecular events may be operative in large
mas”

Wnt genes
melanomas
that distinct
cell melano-

Clark37 divided melanomas according to histological characteristics into four groups: superficial spreading melanoma,
lentigo maligna melanoma, acral-lentiginous melanoma, and
nodular melanoma. Although it is thought that these subtypes
relate to the aetiology and pathogenesis of the lesions, they
correlate poorly with prognosis,38 especially in comparison
with lesion depth. Day et al suggested an additional subclassification based on the histological morphology of melanocytes
within melanoma nodules.39 The subtypes—(1) well differentiated spindle cells arranged in follicles, (2) moderate to poorly
differentiated spindle and epithelioid cells, (3) polymorphic
spindle and epithelioid cells, and (4) epithelioid small cells
arranged in discrete nests—appeared to show a better correlation with prognosis and the pattern of metastatic spread than
did the Clark classification. One hundred month survival for
these types was 100%, 92%, 0%, and 49% (all with regional
lymph node metastases), respectively. Our study expands the
histological subclassifications by integrating the expression of
molecular markers of the Wnt pathway with the histological
appearance of the malignant melanocytes within the primary
melanoma lesions. The expression patterns of the Wnt ligands
correlated best with a histological classification based on the
size and pleomorphism of the malignant cells, along the lines
of classifications proposed by Blessing and colleagues36 and
Day et al.39 No correlation with Clark’s classification schema or
level/depth of invasion was seen.
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Take home messages
• The expression pattern of Wnt ligands in malignant
melanoma correlates with histopathological features and
may provide a basis for the molecular classification of this
disease
• Further studies on larger numbers of patients with
melanoma would help define whether the pattern of Wnt
expression, and especially the expression of Wnt2 and
Wnt5a, correlates with clinical outcome and prognosis

In vitro evidence suggests that the expression of certain
components of the Wnt pathway, specifically Wnt5a28 and
LEF1,22 correlates with invasiveness and metastatic potential.
This suggests that understanding the consequences of differential Wnt expression in malignant melanomas may be crucial
to providing a more accurate prognosis for individual patients.
Specific questions raised by our study include how the
reduced level of expression of Wnt2 and Wnt5a in large cell
melanomas is important at both a molecular and clinical level.
Similarly, it is still unclear what impact the expression of
Wnt5b and Wnt7b, which is seen in some melanomas but not
others, has on melanoma proliferation, invasiveness, and
metastatic potential. The expression of Fz receptors, at least
Fz1 and Fz2 for which a specific antibody is available,
displayed minimal differences in benign and malignant specimens. The Fz receptors comprise a family of at least 10 members in humans,40 but further investigation may not be
warranted based on our results.
Our study supports previous gene array based expression
analyses24 demonstrating that specific patterns of Wnt ligand
expression define particular subgroups of melanoma. We
extend these observations to a correlation with melanomas of
differing histopathology. However, this pilot survey is too
small to have sufficient power for conclusions to be drawn
about the clinical relevance of Wnt expression. Further studies on a larger cohort of patients with melanoma will be
needed to define whether the pattern of Wnt expression, and
especially the expression of Wnt2 and Wnt5a, correlates with
clinical outcome and prognosis.
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